ABSTRACT The aim of the present study was to evaluate the effect of lighting programs for male and female meat quails raised in an equatorial region on performance and carcass traits. A total of 1,500 sexed quails (Coturnix coturnix) was distributed in a completely randomized design in a 2 × 3 factorial arrangement, with 2 sexes (male and female) and 3 lighting programs (natural, intermittent, and continuous) with 5 replicates of 50 birds. The lighting programs were applied in the period from 7 to 49 d of age, being natural (12 h and 30 min of natural light and 11 h and 30 min of dark), intermittent (12 h and 30 min of natural light and 5 h and 30 min of artificial light, alternating lighting periods with one h and 06 min and periods of darkness with one h and 12 min), and continuous (23 h of natural + artificial light and one h of dark). Regardless of lighting program, female quails were heavier than males, and birds subjected to natural light weighed less than those exposed to continuous and intermittent lighting programs. Quails exposed to intermittent and continuous light presented higher weight gain and feed intake, and worse feed conversion ratio compared to birds under a natural light regimen. It is concluded that in an equatorial region, it is possible to use a lighting program with only natural light for raising male and female meat quails from 7 to 49 d of age.
INTRODUCTION
Among the environmental factors in poultry management, the correct use of lighting programs has fundamental importance to allow the birds to ingest ration and water, potentiating growth, and to adapt them to the environment in the first d of life and during the rearing period, improving the economic performance of the activity.
Traditionally, the use of lighting programs with a photoperiod of 23 to 24 h of light has been recommended with the objective of maximizing feed intake and weight gain of poultry intended for meat production. However, the emergence of metabolic problems, associated with the rapid growth of birds imposed upon by the breeding programs, has led to the use of moderate photoperiods that allow the best performance and well-being of birds (Petek et al., 2005; Olanrewaju et al., 2006) .
In this sense, lighting programs have been reevaluated for broiler chickens, and the results have shown that when there is a reduction in the number of h of light offered to birds, there will be lower feed intake and weight gain (Parvu et al. 2014) . However, when the number of h of light offered allows the birds to adapt to compensate for feed intake, the weight gain is not altered and, in this way, it has been possible to obtain satisfactory results with intermittent lighting programs with a lower number of hours of light in relation to long day lengths (Renden et al., 1996; Moraes et al., 2008) . According to Classen and Riddell (1989) and Kritensen et al. (2004) , the use of intermittent lighting can reduce metabolic problems and bird mortality, since light is the main factor affecting the circadian rhythm in diurnal bird species. However, the results are not always positive with the adoption of this type of lighting program, maybe due to variation of light-dark cycles and production systems.
Although it has been observed that birds exposed to long photoperiods present higher carcass weight and a higher amount of abdominal fat (Renden et al., 1994; Ferreira et al., 2014) , in other studies, changes in carcass yield, carcass cuts, and abdominal fat deposition have not been reported (Chen et al., 2007 , Kawauchi et al., 2008 . In addition, to not impairing poultry performance and carcass characteristics, the use of programs with fewer h of light allows better metabolic 3122 and immune response (Kawauchi et al., 2008; Mahmud et al., 2011) , and also reduces electricity expenses (Mahmud et al., 2009) .
The possibility of reducing electricity consumption in poultry production has stimulated studies with the adoption of light programs with only the supply of natural light for different types of birds, especially when they are raised in open sheds in equatorial regions, where d and night have almost the same amount of time during the yr and may take advantage of the 12 h of the d with natural light.
In the production of meat quails (Coturnix coturnix) the lighting programs have been developed based on adaptations of the information obtained for broilers, and the physiological differences between the species are not considered. According to Ionitã et al. (2012) , meat quails need fewer h of light, because this will suppress the effect of light on sexual maturity and reduce the amount of fat in the carcass, although intermittent lighting programs increase the growth at the finishing phase. In addition, considering that the commercial strains and the response to the lighting program may vary according to sex, the information on the effect of lighting programs on growth and sexual maturity of male and female quails is scarce.
Given the above, the purpose of the present study was to determine whether the lighting program affects the performance and carcass traits of male and female meat quails raised in an equatorial region.
MATERIAL AND METHODS
The experimental procedures followed the protocols approved by the Ethics Committee on Animal Research of Federal University of Ceará (UFC).
Birds, Lighting Programs, and Experimental Design
A total of 1,500 meat quail (Coturnix coturnix), sexed (750 males and 750 females), was distributed in a completely randomized design in a 2 × 3 factorial arrangement (2 sexes and 3 lighting programs) with 5 replicates of 50 birds.
The meat quails were sexed by the cloacae reversal method and purchased from a commercial incubator at one d of age. On the first d, the birds were weighed, and, based on live weight, they were selected and distributed into the experimental plots so that all replicates had birds of the same initial weight (8.75 g for males and 8.80 g for females).
From one to 7 d of age, the birds were housed in boxes (100 cm x 150 cm) with floors covered by wood shavings (8 cm high), equipped with a tray feeder and a pendular drinker. The heating during the first wk was accomplished using 60 Watt incandescent lamps. From the second wk, tubular feeders were used, and the birds were exposed to 3 different lighting programs: natural, intermittent, and continuous.
The natural lighting program consisted of 12 h and 30 min of natural light and 11 h and 30 min of dark. The intermittent lighting program consisted of 18 h of light and 6 h of dark, with the light period composed of 12 h and 30 min of natural light and 5 h and 30 min of artificial light, alternating lighting periods of one h and 06 min and periods of darkness of one h and 12 minutes. In the continuous lighting program, the birds were subjected to 23 h of constant light, being 12 h and 30 min of natural light, 10 h and 30 min of artificial light, and one h of dark.
The experimental shed was subdivided into 3 parts according to the treatments, and the partitions were made of 150 micron thick black tarps and placed in a pulley system, which allowed the curtains to be closed and opened to provide the amount of light for each program so as not to interfere with the lighting of the other treatments.
Independent lighting systems were installed in the 3 parts of the shed and driven by timers. White lamps (7W) were used to provide a lighting level of 15 lux at birds' height (Niskier and Macintyre, 2000) . The verification of the level of lighting was carried out using an electronic light meter (Minipa -MLM-1020, São Paulo, Brazil) in the range of zero to 20000 lux.
Room temperature and humidity inside the shed were measured with a thermo hygrometer. The minimum and maximum averages for room temperature and relative humidity, respectively, during the experimental period were 27.27 and 32.18
• C and 59.71 and 77.90% in the natural lighting program, 27.27 and 31.27
• C and 60.00 and 80.08% in the intermittent lighting program, and 27.02 and 30.86
• C and 57.83 and 75.34% in the continuous lighting program.
Performance Assay
During the experimental period, water and feed were provided ad libitum. All birds received the same experimental diet containing 2,900 kcal ME/kg and 24% CP, according to the nutritional requirements for meat quails (NRC, 1994) .
The performance of birds was evaluated from 7 to 49 d of age. For this, the rations provided and the leftovers were weighed to determine the feed intake, and the birds were weighed on the first and last day of the experimental period, to calculate the average weight gain. Feed conversion ratio was calculated by dividing feed intake by the weight gain of each experimental unit. Performance data were adjusted for mortality of birds. Dead birds were recorded daily, and the mortality rate was calculated throughout the experimental period. (x,y) in the row and (a,b) in the column differ by the Student-Newman-Keuls test at 5% probability.
Carcass Traits
At the end of each period, 2 birds per plot were selected, based on the mean weight (±10%), which were identified and, after fasting for 6 h for complete emptying of the gastrointestinal tract, weighed again to obtain the weight of the post-fasting bird and later stunned, slaughtered, plucked, and eviscerated, and the liver was separated and weighed.
The carcasses without head and feet were weighed to determine the carcass yield, expressed as percentage of the weight of the post-fasting bird. Then, the cuts were performed for the removal of the entire breast, thigh, drumstick, and abdominal fat, which were weighed and expressed in percentage. The percentage breast, thigh plus drumstick, and abdominal fat was obtained by the ratio between the weight of the evaluated part and the carcass weight. The relative weight of liver was obtained by the ratio between the weight of the organ and weight of the post-fasting bird.
Statistical Analysis
Data were submitted to analysis of variance by the PROC ANOVA procedure of the Statistical Analysis System 2000, version 9.2. The means were compared by the Student-Newman-Keuls test at 5% probability.
RESULTS AND DISCUSSION
There was no effect on lighting program x sex interaction for feed intake or mortality rate of birds (Table 1) . Regarding the effect of lighting programs, quails that received only natural light presented lower feed intake when compared to those receiving intermittent and continuous lighting, which showed no significant difference between them. As to the effect of sex, there was a significant difference in which female quails had higher feed intake compared to males, for all lighting programs.
As in the present research, it has been reported that laying quails (Yazgan et al., 1996; Boon et al., 2000; Gewerh et al., 2005) and broilers (Moraes et al., 2008) exposed to fewer h of light had lower feed intake, since they have less lighting time to stimulate feed consumption. In turn, intermittent lighting programs with shorter duration compared to continuous light may result in similar feed intake, due to adaptations by the birds to compensate for the increase in h of dark (Lewis and Perry, 1990) .
For the mean weight of the birds (Table 1) , a lighting program and sex interaction was observed, indicating that male and female meat quails responded differently to the illumination received. The mean weight of male quails did not vary significantly among lighting programs. However, female quails exposed to natural light were significantly lighter than those receiving continuous and intermittent lighting, which did not differ from each other.
Analyzing the weight gain of quails (Table 1) , an effect of interaction between lighting program and sex was observed. The male quails exposed to the different lighting programs presented lower weight gain when compared to females. However, among the lighting programs, a difference between the weight gain of males and females was not observed, and it was noted that birds exposed to natural lighting had lower weight gain compared to those that received intermittent and continuous lighting, which did not differ from each other.
The effects of the lighting program on weight gain and mean weight of the breeding phase corroborate in part with other researches, in that the lower weight gain and mean weight of birds during growing with the reduction of the number of h of light have been associated x,y * P ≤ 0.05; * * P ≤ 0.01. Means followed by different letters (x,y) in the row and (a,b) in the column differ by the Student-Newman-Keuls test at 5% probability.
with decreased feed intake (Yazgan et al., 1996; Boon et al., 2000; Gewehr et al., 2005) . On the other hand, due to the possibility of feed intake compensation by the birds exposed to an intermittent lighting program, in which the birds received 18 h of light, it was possible to obtain a similar weight gain compared to the continuous lighting program with 23 h of light. According to Boon et al. (2000) , quail chicks exposed to a photoperiod of 9 h or less resulted in lower rates of weight gain.
The difference in the responses of males and females to lighting programs can be attributed to the sexual dimorphism presented by meat quail strains and the higher precocity of females in relation to males that causes the difference in growth (Caron et al., 1990; Oguz et al., 1996; Garcia et al., 2005) . This difference may be influenced by the number of h of light provided to the birds, and thus be more apparent when the birds are under a greater number of light h per day. Thus, from 49 d of age, females are larger due to greater body development and greater development of the reproductive system and liver. Silva et al. (2006) reported that female meat quails present body weight 10% higher than males at 42 and 56 d of age, due to higher weights of their reproductive organs.
Light is the environmental factor that most directly interferes in the development of the reproductive system of birds, especially in the female. Thus, at the slaughtering age, female meat quails exposed to a greater number of h of light showed greater development of the reproductive tract, increase in size and activity in organs correlated with reproduction, such as the liver, and also higher fat deposition for the beginning of reproductive activity (Follet and Maung, 1978) . Boon et al. (2000) also reported that the effect of the photoperiod on body weight gain of quails differed per sex, observing a stronger retardation in females with decreasing h of light than males.
For feed conversion ratio, there was no effect of the interaction between lighting program and sex (Table 1) , but an effect of the lighting program or sex on this parameter was observed. The quails that received natural light presented better feed conversion ratio when compared to those from other lighting programs, which did not differ from each other. For sex, female quails showed better feed conversion ratio than males. According to the results, the shorter exposure to light improved the feed conversion ratio of quails. Ionitã et al. (2012) also affirm that lighting for quails is reduced due to the principle that a lower photoperiod causes a suppression of sexual development, which reduces internal fat deposition resulting in better feed efficiency.
Although the reduction of light with a natural light regimen (12 h of light) promotes reduction of weight gain and feed intake in relation to lighting programs with longer h of light, such as those used in the present study (continuous -23 h of light, and intermittent -18 h of light), the better feed conversion ratio observed in this situation can be attributed to the lower nutrient requirements for maintenance as a result of decreased metabolism that occurs in the dark period. On the other hand, the larger the photoperiod, the greater the movement of the birds and the greater the energy expenditure, leading to the worse feed conversion ratio as observed by Moraes et al. (2008) for broiler chickens.
For carcass yield (Table 2) , there was an interaction between lighting program and sex. There were no significant differences between the carcass yield of the male quails exposed to the different lighting programs. However, females exposed only to natural light presented higher carcass yield when compared to those that received intermittent and continuous lighting, which did not differ from each other. As for the difference between the sexes, there was no difference when the birds were exposed to natural light, although the males presented higher carcass yield when provided intermittent and continuous light.
The strong sexual dimorphism presented by meat quail strains and the greater precocity of females in relation to males cause the differences between the carcass and cutting yield (Caron et al., 1990; Oguz et al., 1996; Silva et al., 2006) . Thus, although females are larger due to greater body development and greater development of the reproductive tract and liver, the carcass yield in relation to males will be lower, since the liver and the reproductive organs weights will not be considered in the evaluation of this variable.
In turn, the results obtained for birds slaughtered at 49 d make evident the effect of greater light exposure to meat quails on the sexual maturity of females and the relation of this condition to carcass yield since there was no significant difference between males and females exposed to natural light and worse carcass yield of female quails exposed to intermittent and continuous lighting programs.
In the commercial production of meat quails, where the birds are bred together without separation of sexes and also there is an aim toward carcasses with greater weight, the adoption of the natural lighting program for these birds may be indicated from 7 to 49 d of age. This is justified because lighting programs had no influence on carcass yield and live weight of males, while the natural lighting program provided the best feed conversion ratio. On the other hand, although the females presented greater body weight with intermittent and continuous lighting programs, the reduction in carcass yield of female quails provided the same carcass weight between the programs and between sexes. In this sense, this effect combined with the better feed conversion ratio also favors the adoption of a natural lighting program for females. In addition, to obtain carcasses with similar weight between male and female quails, the adoption of the natural lighting program can be seen as more advantageous as it does not entail artificial lighting costs.
According to results for breast yield (Table 2) there was an interaction between lighting program and sex. There were no differences between the breast yield of female quails exposed to the different lighting programs. However, male quails exposed only to natural light presented higher breast yield when compared to those receiving intermittent and continuous lighting, which did not differ from each other. As for the difference between the sexes, there was no significant effect when birds were exposed to the different lighting programs for this variable.
Although female quails present lower carcass yield compared to males at the same slaughter age, the greater body development of the female contributes to the higher proportion of breast in relation to the eviscerated carcass. Thus, in some studies, a higher breast yield for female quails in relation to males has been reported (Garcia et al., 2005; Silva et al., 2006) .
For the thigh plus drumstick yield (Table 2) , there was no interaction between lighting program and sex. These factors also did not significantly influence this variable. Although it is often reported that female quails have lower carcass yield and higher breast yield compared to males, most of the research has not reported significant differences in thigh plus drumstick yield.
As in the present study, Ferreira et al. (2014) and Vasconcelos et al. (2014) did not observe a significant difference for thigh plus drumstick yield between male and female meat quails. However, Ferreira et al. (2014) reported differences in the weight of carcass cut between males and females, without effect on yield cut.
For abdominal fat yield (Table 2) , there was no lighting program and sex interaction. However, there was a significant difference among the lighting programs and sex effect. It was observed that quails exposed to natural lighting had lower relative weight of abdominal fat when compared to those receiving the intermittent lighting program. But quails exposed to continuous light did not differ from quails of other lighting programs. It was also possible to observe that the females had a higher relative weight of abdominal fat when compared to males, which is not desirable.
In broilers, the higher proportion of fat in females compared to males has been associated with the existence of larger adipocytes in females and the more rapid metabolism of males (Langslow and Lewis, 1974) . On the other hand, females subjected to long photoperiods will be more stimulated for sexual maturity, which leads to a greater fat deposition in the carcass, as has been reported by other researchers who determined a larger amount of fat in female quail carcasses than male, slaughtered at 35 d of age (Ferreira et al., 2014) .
As to the effect of the lighting program on the amount of abdominal fat of broilers, it has been reported that a shorter photoperiod can reduce feed intake and, therefore, in situations in which the same weight gain is obtained, it is possible to contribute to lower fat deposition in the carcass by limiting the excess energy that would be used for fat synthesis and accumulation (Kawauchi et al., 2008) . According to Ionitã et al. (2012) , meat quails require a fewer number of light hours, as this will reduce the amount of fat in the carcass.
For the relative weight of liver (Table 2) , there was no interaction between lighting program and sex, but these factors influence the relative weight of liver at 49 d of age. The relative liver weight of quails exposed to natural light or continuous light was lower than those exposed to the intermittent lighting program, but there was no difference between the continuous and natural lighting regimens.
Regardless of lighting program, female meat quails presented a higher relative weight of liver than males. According to Ferreira et al. (2014) , since the liver is the organ responsible for lipid synthesis, the average percentage of hepatic lipids from the second to fourth wk of age is similar in both sexes. However, with the start of the reproductive cycle of quails, the hepatic content of females (35 d of age) is higher than male quails, although Ferreira et al. (2014) observed a difference only from 42 d of age in meat quails.
CONCLUSION
In an equatorial region, it is possible to use a lighting program with only natural light (12 h and 30 min) to raise male and female meat quails from 7 to 49 dof age.
